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Many current generation aerospace designs are based on the application 
of linear elastic fracture mechanics to establish critical flaw sizes and 
inspection intervals based on the expected service loads and life cycles. 
These fracture critical designs require the application of highly reliable 
nondestructive inspection procedures during production and maintenance to 
detect defects which would result in system failure if allowed to enter or 
remain in service. 
Eddy current inspection procedures are being increasingly used for the 
inspection of fracture critical hardware before entering service and 
subsequently during in-service or overhaul inspections due to its 
demonstrated capabilities for flaw detection and suitability for 
automation. However, the inspection technique has been improperly applied 
in many instances due to the lack of supporting theory, insufficient 
performance data, and the cost associated with experimental validation. 
Experimental validation of an inspection technique is time consuming and 
costly and must be repeated for each new application or change in 
parameters. The difficulty associated with experimental validation has lead 
to considerable attention and effort being directed toward determining the 
critical characteristics of NDE application and to the generation of 
supporting theory to facilitate the predictive modeling of NDE flaw 
detection capabilities. The work described in this paper is a continuation 
of previous work completed on assessing the characteristics of eddy current 
probes as applied to flaw detection in production applications [1,2,3,4]. 
APPROACH 
Haynes 188, titanium, and aluminum test specimens containing 
laboratory grown fatigue cracks and electrical discharge machined (EDMJ 
notches were prepared in cooperation with the National Bureau of Standards (NBS) for use in eddy current probe I flaw interaction studies being 
conducted by NBS, Martin Marietta and other investigators [1,4,S]. 
The work described herein was performed using a Nortec SP02065 500 KHz 
to 2 MHz shielded, differential surface probe and Nortec NDT-251 eddy 
current instrument to characterize the response obtained by scanning fatigue 
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cracks and EDM notches in the Haynes 188 specimens while varying operating 
frequency, defect size, and probe orientation. The SP022065 probe has a 
differentially wound split ferrite, 4.75 mm in diameter and 50 mm long. All 
scanning was performed using a high accuracy computer controlled x-y 
scanner. The NDT-25L instrument was nulled on the Haynes 188 alloy 
specimens and the phase angle was adjusted to align lift-off response in the 
horizontal channel to minimize the contribution of lift-off in the vertical 
(amplitude) channel. The vertical channel signal was stored and recorded 
using a digital oscilloscope. The fatigue crack and ED}! notch defects were 
scanned in a single line coincident with the axis of the defects with the 
probe starting position such that the eddy current field was unaffected by 
the defect. The scan speed was 0.1 inch/minute with the probe passing 
directly over the defects finishing in a position with the defect outside 
the eddy current field. The analog output from the NDT-25L was sampled 
every 8 msec. or .0008 inch scan distance. 
The Haynes 188 alloy used in conducting this investigation is a cobalt 
base alloy having an electrical resistivity (70 deg F) of 92.2 microhm-em. 
The fatigue cracks and EDM notches in the specimens used during the 
investigation are described in TABLE I. 
FLAW 
PAIR 
1 
2 
3 
TABLE I 
DESCRIPTION OF SPECIMEN DEFECTS 
FATIGUE 
LENGTH (mmj 
2.67 
1.52 
0.53 
CRACKS 
DEPTH (mm) 
0.41 
0.30 
0.10 
EDM NOTCHS 
LENGTH (mm) DEPTH (mm) 
2.39 0.58 
1.62 0.52 
0.60 0.19 
The defects listed in TABLE I were scanned at 500 KHz, 1 ~Hz, and 
2 MHz with the probe orientated such that the flaws were perpendicular 
to the split in the probe ferrite (Fig. l.a.) and again with the flaws 
parallel with respect to the split in the probe ferrite (Fig.l.b.). 
SCAN 
DIRECTION 
Figure la. Scan with split in probe Figure lb. 
ferrite perpendicular to 
defect axis. 
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SCAN 
DIRECTION 
Scan with split in probe 
ferrite parallel to 
defect axis. 
EDM VERSUS CRACK RESPONSE 
The fatigue cracks and EDM notches listed in TABLE 1 were selected 
to give three different crack/EDM pairs with roughly similar dimensions. 
The defects were scanned at 500 KHz, 1 MHz, and 2 MHz with the probe 
passing directly over and parallel to the defects with the probe oriented 
to the defect as shown in Fig. l.a. The vertical channel of the NDT-251 
instrument was monitored and plotted for each of the crack/EDM pairs 
at the three frequencies . The resulting plots for the 2. 39 mm EDM and 
2.69 mm crack are shown in Figs. 2 through 4. 
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Figure 2. Results from 2.39 mm EDM and 2 . 69 mm Crack Scanning at 2 MHz. 
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Figure 3 . Results from 2. 39 mm EDM and 2 .69 mm Crack Scanning at 1 MHz. 
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Figure 4. Results from 2.39 mm EDM and 2.69 mm Crack Scanning at 500 KHz. 
The plots illustrate that the difference in response between the EDM 
notches and cracks decreased as a function of frequency. At 2 MHz, the 
maximum response obtained from scanning the EDM notches was from 4 to 5 
times greater than the response obtained from scanning the similar sized 
fatigue cracks. At 1 MHz, the difference in response decreased to a 2 to 3 
t i mes greater response from the EDM notches. At 500 KHz, the responses from 
the fatigue cracks and EDM notches of simil ar sizes were roughly equal. It 
is theorized that as the eddy current field depth of penetration increases 
with decreasing frequency and becomes large with respect to the flaw depths, 
the resulting response from the defects becomes less influenced by the width 
of the defects. The EDM notches used in this investigation had widths 
ranging from 0.112 to 0.146 mm. The faces of the fatigue cracks were in 
partial or full contact approximating a width of 0. 
The 1.62 mm EDM and 1.52 mm crack demonstrated the same decrease in 
differenece in amplitude as the operating frequencey decreased. The small 
0.53 x 0.10 mm fatigue crack was not detectable (distiquishable from the 
background noise) by the probe and instrument set- up used for this 
investigation at the frequencies evaluated. The responses from the 
inspections of this defect were therefore not plotted. 
RESPONSE AS A FUNCTION OF FREQUENCY 
The EDM notches in the specimens were used to evaluate the decrease in 
response associated with a decrease in the probe operating frequency. The 
EDM notches were scanned at 500 KHz, 1 MHz, and 2 MHz with the probe passing 
directly over and parallel to the axis of the defects with the probe 
oriented to the defect as shown in Fig. 1.a. The vertical channel of the 
NDT-251 ·instrument was monitored and plotted for each EDM at the three 
frequencies. The resulting plots for the 2.37 mm EDM are shown in Fig. 5. 
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Figure 5. Results from 2.37 mm EDM Scanned at 500 KHz, l MHz and 2 MHz. 
There was a clear and, in most instances, a proportional decrease in 
maximum response with a decrease in operating frequency for all three EDM 
sizes. The length of the response signature increased with EDM length but 
was not a direct function of the EDM length dimension. In all cases, the 
response signature was "s" shaped from positive to negative as the 
differentially wound probe passed over the defect from one side of the 
ferrite to other accounting for the change in direction of absolute 
amplitude. 
The probe movement distance between the maximum positive amplitude and 
the maximum negative amplitude was nearly equal for all three defect sizes 
and frequencies and was roughly equal to 1/3 the probe diameter. 
RESPONSE AS A FUNCTION OF PROBE ROTATION 
The absolute amplitude and response signature as a result of 
scanning a defect are influenced by the orientation of the defect with 
respect to the probe coils when using a split ferrite, differentially 
wound probe. To evaluate this effect the three EDM defects were scanned 
at 500 KHz, l MHz and 2 MHz with the split in the ferrite oriented per-
pendicular to the defects (Fig. l.a.) and with the split in the ferrite 
oriented parallel to the defects (Fig. 1. b.). The resulting amplitude 
plots as a function of probe position for the 500 KHz scans are shown 
in Figs. 6 and 7. 
The "s" shaped response signature obtained when the probe is 
orientated such that the split in the ferrite is perpendicular to the axis 
of the defects, as described above, changes to a one directional response if 
the probe is rotated 90 deg and with the exception of the 2.39 mm EDM notch 
the absolute amplitude of the positive deflection was reduced 
significantly. 
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Figure 6 . ResuJ.ts of EDM Scans at 500 KHz with flaws oriented perpendi-
cular to the split in the probe ferrite. 
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Figure 7. Results of EDM Scans at 500KHz with the flaws oriented 
parallel to the spl i t in the probe ferrite. 
The response obtained from the 2.39 mm EDM notch after rotating the 
probe 90 deg increased over the absolute value of the positive deflection 
obtained with the probe oriented such that the split in the ferrite was 
perpendicular to the axis of the defect. The response from the 0.60 mm EDM 
notch became undistiquishable from the background noise after rotating the 
probe 90 deg at 2 MHz. At 500KHz the response from both the 1.62 and 0.60 
mm EDM notches became undistinquishable from the background noise after the 
probe was rotated 90 deg . The loss in de tection of the two smaller cracks 
as the probe was rotated indicates that inspection reliability or 
probability of detection for defects that are small with respect to the eddy 
current field size is a function of probe orient~tion using differentially 
wound type probes and must be considered when designing and engineering eddy 
current inspection processes for the detection of small flaws. 
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To illustrate how the response changes as the probe is rotated, the 
2.39 mm EDM was scanned repetitively rotating the probe in 30 deg increments 
between scans. The resulting amplitude plots are shown in FIGURE 9. The 
"g" shaped signature became more skewed with each increment until the probe 
was rotated the full 90 deg at which point all negative deflection in 
response was eliminated. There was also an increase in absolute value of 
the positive deflection with each increment in probe rotation. 
The responses obtained from the two EDM notches smaller than the probe 
diameter also exhibited the skew in the "s" shaped response as the probe was 
rotated. However, the absolute amplitude from the smaller flaws decreased 
as described above rather than increased as did the responses from the EDM 
notch larger than the probe diameter. 
CONCLUSIONS 
Eddy current probe I flaw interaction assessments such as those 
described in this paper offer the opportunity to increase the knowledge base 
required to extend the theoretical modeling procedures that exist for aiding 
the engineering assessment and predictive analysis of eddy current 
inspection performance and reliablity in critical production NDE 
applications. 
The work described in this paper has shown tha t defect width 
contributes significantly to the eddy current response from a defect at high 
operating frequencies. The EDM notches evaluated in this investigation 
produced significantly greater amplitudes than did similar sized fatigue 
cracks at an operating frequency of 2 MHz . The difference in response 
between the two defect types became insignificant as. the operating frequency 
was reduced t o 500 KHz. 
The response obtained from all the defect types and sizes evaluated 
decreased as the operating frequency was decreased. It most cases the 
reponse decreased proportionally to the decrease in frequency. 
The response and detectability of flaws smaller than the eddy current 
probe diameter are functions of the probe orientation with respect to the 
axis of the flaws when using differentially wound type probes. This 
knowledge must be incorporated in the design and engineer i ng of eddy current 
inspection processes for the detection of small defects. 
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Figure 8. Results of 2.39 mm EDM Scans rotat i ng probe 30 oeg. between 
scans. 
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